Abstract
INTRODUCTION
After completion of the coal mining in the West Field of Gacko coal basin, which took place within the OP Gračanica, and its expansion in the far western part of the Central Dield, further coal exploitation continues at the new OP Gacko -Central Field.
Coal mining at the open pit GackoCentral Field will take place on two spatially separated locations, worksites, in the Central exploitation zone and Overlaying exploitation zone. In the Central exploitation zone, the mining operation of the main coal seam are realized, the first and second floor seam of the coal seam, and in Overlaying exploitation zone, coal from overlying series are mined that consist of three coal seams. All coal seams are complex, and the overlaying coal seams are characterized by a distinct stratification or a large number of interseams of waste which are separated by interseams of coal. The mineable zones are characterized by different geological structure, applied technology and the depth at which coal mining is carried out. In addition, development of the open pit in the next period can be divided into two specific sub-periods. In the first sub-period, in which the mining in the zone of overlying coal seams shall be carried out by 2025, the development of works is mainly planned with slower progression of works by a depth, and mainly in the Central exploitation zone. After the end of coal mining in the Overlaying exploitation zone, the works shall be continued ex-clusively in the Central exploitation zone. The second subperiod of exploitation is characterized by widening the open pit, or an intensive development of work by a depth [2, 3] .
GENERAL TERMS
Within the complex of coal mining, the protection system of the open pit on water must provide the safety development the activities at the open and favorable conditions for the high-capacity and economical operation of the basic exacavation, transport and disposal equipment [1] .
Analyzing the available data on the quantity of water evacuated in the last decade from the open pit, it was found that the coefficient of deposit watering Gacko K>3.5 as the deposit Gacko classified as deposits with high coefficient of watering.
The most important natural factors that influence the selection and sizing the structures of defense system at the open pit of water are [2, 3] :  Large catchment area, which amounts to 36 km 2 , out of which 20 km 2 is the area of high mountains, 9 km 2 is the plateau Gacko field and the other space of 7 km 2 of degraded by the mining activities (external and internal dumps, ash landfill, etc.). In development the solutions to protect the facilities at the open pit from inflow of water, the development of mining operations or change the nature of the soil in terms of water inflow was taken into account.  Precipitation leve, characterized by a very high maximum values for the legally prescribed return period and a distinct uneven during the year.  The presence of two types of aquifers:  Aquifers in the footwall Jurassic limestones and calcareous -lmarly flysch formation, and  Aquifers in the Neogene Carbonaceous formation.
 Aquifers and inflow of water from permanent natural waterways and canals. Overall, it can be said that the protection of the open pit Gacko -Central field of water takes place in a complex hydrological, hydrogeological and technological -technical conditions and as a technologically complex medium contains different types of drainage facilities (water-proof screen, canals, water collectors, pumping stations, gravity pipelines and pressurized pipeline, overfalls, piezometers, etc.). The designed conditions of works until the end of lifetime of the open pit mine Gacko -Central Field by the five-year exploitation periods are shown in Figure 1 .
In defining the system of protection of the open pit Gacko -Central field of water, as the starting point, the existing system, technology and equipment were taken into account that are used for a longer time for the evacuation of water from the open pit zone. Since this is the equipment that is modern, fit the needs of exploitation and for which the staff for maintenance has been already trained, preference, it was concluded to use the existing equipment and equipment with similar characteristics for water drainage from the open pit zone.
WATER DRAINAGE FROM THE CENTRAL EXPLOITATION ZONE
Protection of the open pit from surface water from the east, south and west side of the open pit was done by relocation and regulation of the river Gracanica and Mus-nica and Gojkovića stream. With regulated riverbeds, the defensive embankments were built in order to prevent penetration of surface water into the open pit at the time of high water levels. Protection of the open pit of surface water on the north side of the open pit was made by a peripheral channel. In addition to this, development of peripheral channels which would constitute a protection of the surface water from the east and south sides. In the central part of the excavated area of the Field B at the open pit Gracanica, there are the water collector VS-B1 and pumping station PS -2. From water collector VS-B1, water is pumped into a circumferential channel. In the south of the ash and slag landfill, there is a water collector VS-A1 where water is pumped into the river Gracanica. In the north of the Field C (expansion of the open pit Gračanica in the central part of the field, which has until now been in operation) is a water collector VS1. Also in the Field C, a water collector VS exists near dispatcher. At the lowest floors in the Field C, there are two water collector VS-VS-C1 and C2, and with development of works, the water collector VS-C2 will be terminated. All water from the Central mineable zone is pumped into the river Gracanica. Within the overlying coal series, or in the area overlying the exploitation zone, there is a water collector VS-PZ1, where water is pumped into the old riverbed Musnica. The existing structures for protection the open pit in the Cen tral and Overlaying exploitation zones are shown in Figure 2 . The pumps at the open pit are mainly shown in Table 1 [2, 3] . Conceptually, it predicted for the future period that all water, surface and groundwater, which are found in a contour of the Central exploitation zone shall be collected in the central water collector, and then to drain by the pumps and pipeline, initially in the river Gracanica, and later in the southern circumferential channel.
Figure 2 Drainage facility in 2016
As a separate issue within the definition and sizing the protection facilities of the
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open pit of water, the problem of drainage water from the Central exploitation zone was allocated. In designing this part of the drainage system, it was started from the following settings:
 Advantage in the selection the pump types of pumps at the open pit. Considering the characteristics of the eligible pumps can pump engagement type CS 3240 and BS 2400 HT.  Selected type of pumps will be engaged in the exploitation area of the Central zone to the end of exploitation in order to avoid the reconstruction of the pumping plants, pontoon, pipelines and electro supply system because the available pumps are supplied with electricity at different voltages.  Having in mind the deepening of the open pit during exploitation, it is necessary to provide, at the appropriate floors, the cascading water pumping and thus to ensure the water drainage outside a contour of the open pit.
ANALYSIS OF PUMP SYSTEM
In the function of determining the most advantageous system for water drainage [4, 5, 6, 7, 8 ] from the Central zone, different types of pumps were analyzed for various height differences between the floors (cascade) of repumping. The following types of pumps were analyzed: Flygt CS 3240 and Flygt 2400 in two variants of the vertical redistribution the floors of repumping (Variants 1 and 2). As an illustration of the analyzed vertical redistributions, a distinctive intersection is given with the positions and heights of cascading water collectors and pumping systems (Figure 3 ). Vertical redistribution of floors cannot be done at the discretion, but the vertical arrangement of pumps was already determined in a large extent by diagram of efforts and diagram of hydraulic pump efficiency.
Figure 3 Scheme of cascade pumping variants in 2035 (─ Variant 1,─ Variant 2)
Calculation the parameters of pump operation for water pumping from the Central zone is carried out using on-line application, Xylect 1.41.1 of Xylem corporation with manufacturing the Flygt pumps, which kept their brand. The calculation results are shown in Tables 2  and 3 . 
Figure 7 Total mean coefficient of pump efficiency (%)
Based on shown diagrams, it can be easily concluded that engagement the pump type CS 3240 in the Variant 1 of vertical distribution of pumps, according to all analyzed parameters, has the best results. The only exception is engagement of these pumps in the period 2021 -25. During this period more favorable is the Variant 2 of vertical distribution of pumps, or it is most favorable to construct another one cascading water collector and a pumpstation. This is due to the fact that the required discharge height this case is 107 m above the optimum height realized by a pump. Also, by engagement the pump type CS 3240, the better results are achieved than is the case for pump type BS 2400.
In order to realistically assess the ef- 6,800,000 7,400,000 8,100,000 8,300,000 8,550,000 In addition to the operating costs, capital costs are also considered, containing a value of the existing and new pumps and pipelines. The total cost of water drainage from the Central zone included the mining opera tions in development the water collector, installation and relocation the pump stations and pipeline, maintenance costs and depreciation of involved equipment. Values of the above costs are given in Table 8 .
The structure of total costs by type is shown in Figures 8 to 11. Figures 12 to 15 show the ratio between the fixed and relative costs. Based on the following presentation, a dominant share of total costs in all four variants is covered by the operation costs of 46 to 64%, while the lowest share is covered by the mining operations and installation of 7 to 16%. Figure 17 , it can be concluded that most of the total costs are in the Variant2 with the pumps BS 2400. In 2035, a record increase of the total costs shall be recorded in the amountof € 2,000,000.00 (Figure 16 ) that is realized by the pump model CS 3240, what is a result of need for procurement a large number of pumps in increasing the depth of the open pit.
Based on the results of economic analysis, it can be seen that the total costs of water drainage from the Central zone of exploitation are the lowest for the case of engagement pump type CS 3240 in the vertical distribution according to the Variant 1. This case is from an economic point the most favorable throughout the exploitation periods without the most favorable technical parameters of operation. This typical case just shows that the selection of variants cannot be performed only on the basis of technical or only on the basis of minimizing the cost of procurement the pumps, but both factors must be taken into account.
The presented methodology was used in designing the subsystem of water drainage from the Central exploitation zone within the framework of the Main Mining Design for the open pit Gacko -Central Field, and the results of analysis present a part of the design solution.
CONCLUSION
Using the applied methodology of work analysis of pumps with pumps of different characteristics and different system configurations, analyzing in detail the technical and economic operating parameters of the system, it is possible to select the most favorable ones from a technical and economic point of view. Analysis the technical application conditions of the pump must be carried out for a longer time period in which the system will be applied to the specific operating conditions, pumping height, the fluid characteristics being pumped, the conditions of supply of energy, the dynamics of deepening the open pit, and the progress of mining operations in the plan, the dynamics of relocation the water collectors and pipelines, a distance of the final recipients and others.
Economic parameters of the system drainage water must cover the capital costs of equipment purchase and operating costs of their work, but also the scope and costs of mining operations and auxiliary operations such as construction the water collectors, installation of facilities, their relocation, the extension of the pipeline, and secondly, considering that these works represent a significant part of the total system costs.
Based on the structure of the total costs, it can be said that all analyzed systems of water drainage are characterized by a low share of fixed costs, and that the scope for improvement the cost-effectiveness should be sought in application the modern and energy-efficient types of pumps with features that correspond to the specific operating conditions and not in a savings in rpocurements, especially when it is case with the open pits, characterized by high watering.
